Mechanisms of Abnormal Angiogenesis in Retinal Disease by Farjood, Farhad
Mechanisms of Abnormal Angiogenesis
in Retinal Disease
Farhad Farjood
Advisor: Dr. Elizabeth Vargis
Department of Biological Engineering 1
Introduction > Anatomy of the Retina
Healthy Retina
http://www.scienceofamd.org/
Photoreceptors
RPE
Bruch’s membrane
Choroid
Introduction > Age-related macular degeneration
Drusen Formation in Dry AMD 
http://www.scienceofamd.org/
Introduction > Wet AMD
Aberrant angiognesis in wet AMD
http://www.scienceofamd.org/
Introduction > Angiogenesis Mechanisms
• Drusen formation induces mechanical stress and could lead to 
RPE cell-cell detachment
http://www.scienceofamd.org/
Objectives
Aim 1. Determine the role of cell-cell interactions in 
regulating VEGF expression in RPE cells
Aim 2. Study the effect of mechanical stress in RPE cells 
on angiogenesis 
Aim 3. Make a realistic 3D model of the subretinal tissue 
to study cell-cell interaction and mechanical stress in 
the RPE
Aim 1. Determine the role of cell-cell interactions in regulating 
VEGF expression in RPE cells
Patterning Method: PDMS membranes with through holes (PDMS stencils)
Photolithography PDMS molding PDMS Stencil
Aim 1 > Introduction
• Cheap
• Reusable
• Reproducible patterning
Aim 1 > Micropatterning Method
O2 Plasma Cells
Put the stencils on a substrate (PDMS, glass or 
untreated petri dish)
Treat with O2 plasma (hydrophilization)
Sterilize using heat
Add cells and incubate for 1 day
Remove the growth medium
Remove the stencil and add fresh medium
Aim 1 > Micropatterning
Cells used
ARPE-19: A human cell line isolated from a 19-year old man
Primary human RPE
Aim 1 > Micropatterning Results
PDMS stencils of different hole sizes (100 – 300 μm) were produced and used 
to patterns ARPE-19 and hRPE cells on glass coverslips
100 µm 200 µm 300 µm
200 µm
500 µm
Aim 1 > VEGF Expression Analysis
* p<0.05 ** p<0.01 *** p<0.001
VEGF expression was measured using an ELISA kit
VEGF expression per cell was calculated by dividing total VEGF by cell 
count. 
VEGF expression increased with reduced cell-cell contact
Scratching method
RPE monolayers were scratched and Immunocytochemistry was used to visualize 
VEGF and intercellular protein expression
Intercellular junctions were visualized using ZO-1
Aim 1 > Scratching Assay
50 µm
Aim 2 > Introduction
Aim 2. Determine the effect of mechanical stress in RPE cells on 
VEGF expression and angiogenesis 
Pathological mechanical stress due to drusen formation and subretinal fluid
accumulation
Transwells
• Syringe pump 
controls the device
• Maximum stretching 
achievable: ~13%
Aim 2 > Transwell Device
PDMS device
Mechanical stress can be applied gradually to replicate drusen formation
Aim 2 > PDMS Device
PDMS device
A syringe pump inflates the PDMS membrane
Mechanical stress can be applied gradually to replicate drusen 
formation
Aim 2 > Transwell Device
• Expression of VEGF was measured by ELISA
• VEGF was significantly increased by mechanical stress
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Aim 2 > Results > VEGF Expression Analysis
Endothelial cells form tube-like structures when cultured on ECM substrates
Used media from RPE cultures were added to endothelial cells
Apical Basal PDMS
CTL
Stress
Aim 2 > Results > in vitro Angiogenesis Assay
Aim 3 > Introduction
Aim 3. Develop a realistic 3D model of the subretinal tissue  
• Retinal tissue is complex and composed 
of multiple layers
• Current in vitro models are not optimal
• Human tissues are not readily available
• Animal models are expensive and may 
not translate to humans
http://www.scienceofamd.org/
The key component of the model is the basement membrane (Bruch’s replica)
Three different models of Bruch’s membrane will be used:
1. Decellularized bovine Bruch’s membrane
2. Spider silk films
3. Porous Polyester membranes (Transwell)
RPE and choroidal cells will be grown on membranes
Aim 3 > Method
Current projects
5 µm
Current Projects:
1. Applying mechanical stress on PRPE cells and identify 
changes to angiogenic factors
- Make a new mechanical stress device
- Perform qRT-PCR
2. 3D Model
- A Microfluidic device was made
- Needs a new hydrogel
• Porcine RPE cells were isolated from pig eyes
Brightfield ZO-1 VEGF RPE65
100 µm
Current projects> Preliminary works
Cell-cell detachment and mechanical stress can increase VEGF
expression and induce angiogenesis
Conclusions
Questions
Questions
